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CHAPTER I

INTRODUCTION AND PURPOSE

Before one can intelligently and effectively plan a control
program for dental diseases, collection of information pertinent to
the disease is a definite prerequisite.

The data concerning the im

pact of certain diseases on population groups are made available
through census, registration, and case history.

However, for specific

items of information, the survey of a select sample is used.

It is

frequently limited to special, intensive studies of a disease or a
group of diseases or conditions.

It was the purpose of this survey to investigate three param

eters of dental health as evidenced in a selected sample of Navajo
Indians and to relate these parameters to tooth malpositioning and
over-all arch malocclusion.

Concomitantly, a study of 13 dental characteristics of the
Navajo dentition was carried out, and a radiographic cephalometric
analysis of the facial and cranial patterns of the Navajo was com
pleted by other members of a research team.

It was felt that the Navajo Indian provided an ideal study
group because the Navajo is a genetic isolate and that by geography
the Navajo Indian of Monument Valley is comparatively pure even within
this isolate (Ariss, 1955; Underbill, 1956).
Hiis study should be considered pilot in nature and scope.
particularly in the inferences drawn from the statistical treatment

of the data.

Statement of the Problem

Specific questions posed for the purpose of this investigation

1.

What is the incidence of dental caries among a selected

sample of Navajo Indians?
2.

What is the incidence of periapical root resorption among

a selected sample of Navajo Indians?

3.

What is the incidence of alveolar bone loss among a

selected sample of Navajo Indians?

4. Is a relationship observed between tooth malpositioning
and the incidence of (a) dental caries, (b) periapical root resorption,
or (c) alveolar bone loss observed among a selected sample of Navajo
Indians?

5.

Is a relationship observed between over-all arch mal-

occlusion and (a) dental caries, (b) periapical root resorption, and
(c) alveolar bone loss observed among a selected sample of Navajo
Indians?

CHAPTER II

REVIEW OF THE LITERATURE

Dental Carles

The universal distribution of dental caries is evident in even

a cursory review of the dental literature.

Exposure to civilization

appears to increase the incidence of dental caries in a population.

Mellanby, as reported by Jeans (1952), demonstrated this in a study
of the students at the mission school in Southern Rhodesia. \ Those

vrtio were exposed to civilization the longest had the greatest inci
dence of dental caries.

Similar results have been reported from studies among the

Eskimos (Waugh, 1937; Krogh-Lund, 1937; Rosebury and Karshan, 1937;

Moorhees, 1957), the Malayans (Leband, 1941), the Hawaiians (Jones,
Larsen, and Pritchard, 1930), and the American Indian (Price, 1936).
In a study of 1,000 Chinese, Anderson (1932) showed that dental caries

decreases progressively from the coastal cities into the interior of
China.

Two groups of Indians of Ecuador were examined by Wright (1941).
One group lived under primitve conditions; the other group lived in
a missionary settlement.

It was found that those living in the mis

sionary settlement had a greater incidence of dental caries than the
group living under primitive conditions.

Steggerda and Hill (1936) studied 1,861 Navajo Indians, ages 6
to 35.!

The examinations were made without instrumentation, and record

was made of those cavities that could be seen with the aid of a

tongue depressor.

The Navajos showed an average of 3.2 cavities per

mouth./
A study of 7,547 Indian children by Klein and Palmer (1937),
from various parts of the United States, showed a* difference in dental
caries prevalence among the various groups.

Of all the groups, the

southwestern Indians had the lowest incidence of dental caries with,

obviously, a lower DMF rating.

Highest incidence of dental caries

recorded in the study were the Indians of the northwestern part of
the United States.

Real differences between populations in dental caries inci

dence studies can seemingly be masked or enhanced by the technique
and instrumentation of the dental examination.

These techniques range

from a cursory tongue blade examination, usually limited to extremely
large samples, to careful prophylaxis and drying coupled with radiographic examination.

To emphasize the need of radiographic examination in any dental
caries study, Thompson (1943), in a study of dental caries at Boystown, Nebraska, found an average of 3.1 cavities per boy using radio-

graphic examination procedures in conjunction with the mouth mirror

and explorer.

Delabarre (1933) showed in a study of 18 year old

patients, that radiographic examination disclosed 51 per cent more
cavities than with the mouth mirror and explorer alone.

A study of

833 students at Drexel Institute, by Arnett and Ennis (1933), revealed
that were not the radiographic examination employed in addition to

the mouth mirror and explorer, 40.6 per cent of the dental caries
would have gone undetected.

Sognnaes (1940), in a study of 32 patients at Forsyth Dental
Infirmary, undertook an assessment of the various types of dental
examinations.

His procedure for each child was first using the mouth

mirror and explorer, initially drying the teeth, cleaning the teeth

then drying them again, and finally taking intraoral radiographs of
the teeth.

The result of the study showed that nearly one-fourth of

the total number of surfaces would have remained undetected had not

the mirror and explorer been augmented by the other procedures.
Another 20 per cent were disclosed after a detailed examination of
the cleaned and dried surfaces.

Burket (1941), using a histologic sectioning technique, showed
24 per cent of the dental caries were undetected by both the explorer
and radiographic examination.
Investigators show preference for a variety of procedures for

reporting dental caries.

The DMF study, popularized by Klein, Palmer,

and Knutson (1938), has some advantages and some disadvantages.

The

decayed, missing and filled rate for each tooth shows the person's
total caries experience and is based on units of 100 individuals.

It

is applicable to large population studies, is simple enough, yet
comprehensive.

In the IMF system, however, no provision is made for multiple
cavities or fillings on the same tooth because the tooth is considered

as a unit.

Another disadvantage or objection to tabulating DMF teeth

is that the severity of a restored carious lesion cannot be described
since fillings are frequently larger than the carious area they re
store.

DMF ratings place a small cavity in the same category as a

larger one and thus leave something to be desired.

Restorations of

pits and fissures are also counted though they may not have been enu
merated otherwise.

To eliminate some of the objections, the use of a

system enumerating the DMF surfaces has been introduced by Klein,
Palmer, and Knutson (1938).

Another objection is that the DMF rates fail to give information

about the caries-free percentage in the populations.

Moorhees (1957),

in a study of the Aleut dentition, applied as his index the number of
sound teeth as preferable to the DMF index.
direct measure of dental health.

He felt it to be a more

Sound teeth are definite.

They are

sound or they are not.

Periapical Root Resorption

It has been indicated that under normal conditions natural root

resorption phenomena do occur in permanent teeth.

In an article on

resorption. Becks and Marshall (1932) chose the word resorption and
not absorption when referring to periapical root loss.

The term has

remained and is preferred.

According to Salzmann (1957), permanent tooth root resorption
occurs as a response to certain mechanical changes and stresses

to which the tissues apparently are incapable of adjusting them
selves. Such stresses may be due to changes in the periodontal
tissues, resulting in tooth shifting; occlusal trauma or trauma
causing torsion of the tooth in its alveolus also may produce
such stresses.

From a study of 500 orthodontic patients, Ketcham (1927, 1929)
reported that 21 per cent of these patients exhibited root resorption
after treatment.

He also indicated that resorption did occur in a

small percentage of cases not treated orthodontically.
Rudolph (1936) showed that from 739 untreated cases between
ages 7 to 21, root resorption was evident in 5 per cent of the cases,
Massler and Malone (1954) comment that this is foreshortening and not
resorption.

Hermann Becks, of the University of California, reported a
study (1936) of 100 patients with obvious root resorption.

The group

was divided in half, those with orthodontic treatment and those with
no treatment.

Twenty per cent of those who had had orthodontic treat

ment incurred root resorption.

This was due to the mechanical trauma

associated with the tooth movement.

Systemic factors accounted for

the resorption in the remaining 80 per cent of the patients.

A subsequent study of 72 patients beginning orthodontic treat

ment, by Becks (1939), showed root resorption in 32 per cent of the
cases.

The frequency of resorption increases to 73.6 per cent during

the course of treatment.

He concluded that some patients have a certain

predisposition to root resorption which will become apparent during
treatment while those not having this predisposition do not appear to
be affected.

The concept of patient predisposition to root resorption is

supported by a study of Massler and Malone (1954).

They also reported

that of 708 patients ranging in age from 12 to 49 years, ICQ per cent

of the cases showed some degree of periapical root resorption and that

only 1.6 per cent of the teeth showed no evidence of apical resorption.
In the sample, approximately 10 per cent of the teeth examined showed
severe resorption (more than 2 mm of root length), and that approxi
mately 71 per cent of the cases showed at least 1 mm resorption.
Systemic disturbances have also been shown to be a basis for

root resorption.

Becks (1934), in a study of 54 patients with extreme

periapical root resorption, paid special attention to endocrine dis
turbances and other constitutional diseases.

Of all patients with

root end resorption, but without previous orthodontic treatment, 89.4
per cent showed periapical root resorption in association with hypothyroidism and endocrine disturbances.

The remaining 10.6 per cent

were associated with other systemic diseases.

Paget's Disease or Osteitis Deformans displays both root re
sorption and hypercementosis, with root resorption being a more con13

sistent findxng.

Graber (1962) reported a case of spontaneous resorption of the
roots of maxillary central incisors in a patient with a history of a
parathyroid tumor.

Multiple root resorptions associated with acromegaly

(hyperpituitarism) were also shown.
There is a report by Mueller (1930) of a patient who developed
extensive resorptions on the roots of several teeth, which subse

quently were removed.
treatment was started.

A liver-function disorder was found, after which
From that time on the process of resorption

stopped and no other teeth were attacked.

The relationship between

the liver disorder and the dental condition may or may not be sig
nificant.

Mueller hesitated to make an etiological relationship.

Though considerable attention has been given to periapical root
resorption as evidenced among American Caucasians, it appears that no
evidence of root resorption, periapical or otherwise, among primitive
cultures has been reported.- It would seem that consideration of this

parameter of dental disease as seen among the Navajo Indians would
provide valuable information.

Alveolar Bone Loss

Considerable attention has been given to the subject of

periodontal disease among contemporary ethnic groups. Marshall-Day
and Shourie (1949) reported a very high prevalence of periodontal

disease among 568 Indians in the Punjab, India, from 9 to 60 years of

age.

It was shown that the disease had its beginnings in early child

hood, and that from age 17 onward, bone resorption in varying degrees
is almost universal.

Bone loss ranged from zero per cent in the 9 to

12 age group, approximately 19 per cent in the 13 to 16 age group, to
ICQ per cent in the 17 to 60 age group.
shown with the use of the radiograph.

Alveolar bone resorption was

Only in this way can alveolar

bone resorption be evaluated.

Miller and Seidler (1942) reported that the percentage of per
sons with bone loss tended upward from 9 per cent in an 11 to 15 age

group to 97 per cent in a 41 to 45 age group.

This study, however,

may not accurately represent the general population since the sample

was limited to hospital patients.

Belting, Massler, and Schour (1953), in a study of 5,014 adult
males in Chicago, Illinois, varying in age from 20 to 80, found alve

olar bone resorption beginning just prior to 20 years of age.

When the

level of the alveolar crest was 2 mm or more below the cemento-enamel

junction, bone loss was then considered to have taken place.
Pedersen, as reported by Moorhees (1957), noted a complete

absence of "generalized" periodontal disease in the East Greenland
Eskimos.

Studies on the Aleuts by Moorhees (1957) indicated a low

incidence of periodontal disease.

He asserted that one of the factors

favorable to the maintenance of periodontal health of the Aleuts was
the extensive use of the teeth.

This is shown by the marked degree

of wear.

The physical character of the diet also has its effect on the

periodontal condition.

Baaregaard (1949) reported the marked dif

ference between the primitive and civilized Eskimos in Greenland.
He showed that periodontitis was rarely seen and periodontosis never,

among the primitive peoples in the area; whereas, in the more civilized
areas there was little or no abrasion of the teeth, the periodontium

was weak, the resistance low, and the incidence of gingivitis was 100
per cent.

The estimates of conditions of periodontal disease is difficult,

particularly when the study is limited to clinical appraisal with a
roentgenographic survey.

Generally, one can say that the incidence and severity of
alveolar bone loss increases with age.

As in the case of permanent

tooth periapical root resorption, no literature was found concerning
alveolar bone loss among the Navajo Indians.

Studies have varied from quantitative to qualitative with
little correlation between the two.

The lack of valid indices for determining the prevalence

and epidemiological characteristics of periodontal disease
has hindered seriously the development of more effective
preventive and treatment procedures for these diseases.
comments a committee of the University of Michigan Periodontal Work

shop (1952).

Thus it must be emphasized that better measuring de

vices are sorely needed.

CHAPTER III

METHODS AND PROCEDURES

In order to determine the incidence of dental caries, the

incidence of periapical root resorption, and the incidence of alveolar
bone loss among a selected sample of Navajo Indians, data of general
dental health were obtained for outpatients, and their relatives, at

Monument Valley Hospital, Monument Valley, Utah.
The study was conducted at the dental clinic of the Monument
Valley Hospital by four dentists, currently in the graduate ortho
dontic department at Loma Linda University.

This clinic afforded us

the necessary base of operations from which to examine the subjects

and collect the data.

The clinic consisted of separate examining

rooms, with one room containing two dental units, lights, and a 90 kvp,
15 ma, x-ray unit.

A small laboratory, adjacent to the examining

rooms, was used to pour the impressions.

Subject Selection

The study consisted of a total of 52 Navajo Indians of various
ages, ranging from 7 to 50 years of age.

They were selected from among

the family groups seeking aid at the outpatient clinic of the hospital.

Initially, the study model was designed to include 25 Navajo families
indigenous to the Monument Valley Reservation served by Monument Valley

Hospital and the Goulding Trading Post.

Our prior information led us

to believe that complete family groups always accompanied an ailing

relative to the clinic.

Within hours of our arrival it became apparent

that this was not the case and our study model would have to be altered

to include a selected sample of patients and relatives as they appeared
for service.

Examination Procedure

To assure uniformity in the examination procedure, all subjects
were examined by the same investigator.

The examination was carried

out with the aid of conventional dental unit lighting, mouth mirror,
and explorer.

Recorded on a specially prepared examination sheet

(Figure 1) was vital information identifying the subject and data con
cerning the number of teeth, sites of carious lesions, restorations,
missing teeth, clinical impressions of gingival inflammation and re
cession due to calculus deposits.

Collection of Data;

General

In addition to the mouth mirror and explorer examination,
impressions were taken for study casts.

Intraoral periapical radio

graphs, cephalometric radiographs, and photographs completed the data
collected for each subject.

The study casts, cephalometric radio

graphs and photographs were utilized in the companion studies referred
to in the introduction.

The study casts supplemented the intraoral

periapical radiographs and oral examination data employed in this
study.
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Case MO.

School

School of Dentistry
Loma Linda University
Name: last

Grade

first

Sex
MC?FC7
INCISORS

CUSPID

Date

i Date of Birth

Color
WOCQOtherc?
MOLAR

D MOLAR - B I
I

2

^L=
SUMMARY:

Present

Hissin

Classification of Occlusion

History of Orthodontic treatment, ve8/~l

Filled

Other Oral Pathology
Yes CD
Remarks

Examiner:

Figure 1.

Examination sheet used in the data collection.

Collection of Data:

Dental Carles

The coronal health status of each tooth was evaluated in terms

of seven categories.

In addition to the designation of a sound tooth,

the categories employed included (a) caries only, (b) caries and
restoration on the same tooth, but not related, (c) caries and associ

ated restoration, (d) restorations only, (e) missing teeth, and (f)
only roots remaining.

The coded designations for each tooth were re

corded in the appropriate space of the data sheet.

The code employed

in recording these classifications is shown in Figure 2.
The criteria employed for designating a true carious lesion
was whether or not the lesion showed actual decalcification on the

surface and/or the tip of the explorer pierced the soft dentin below.

Collection of Data:

Periapical Root Resorption

Periapical root resorption was assessed by analysis of the

periapical radiographs.

The method of roentgenogram examination is

essentially the same as that described by Massler and Malone (1954).
Each film was carefully examined using a 3X magnifying glass.
effective in detecting the minute areas of resorption.

This was

As far as was

possible, each tooth root was examined from two different view and
where the roots were not seen clearly, the roentgenogram was classified
as not diagnostic.

In determining periapical root resorption, the criteria for

determining the difference between resorption and foreshortening must

be kept in mind.

Worth (1963) shows that periapical root resorption

CODE USED WITH DENTAL SURVEY OF NAVAJO INDIANS

Ouadrant I - Tooth

Upper half - dentition

Lower half - pathology

D

deciduous

1

S

secondary

2

E

apparently exfoliated

free of pathology

pit or fissure - question
presence of caries

3

active caries

4
5

caries involving pulp
hypoplasia

6

dental flourosis

7
8
9

arrested caries
extracted due to caries
extracted due to other reasons

10

all carious lesions restored

11

fracture

luadrant II - Site of Pathology and Restorations
Restorations

Upper half - caries, not restored
1

occlusal

2

mesial

3

distal

Left Side

Right Side

B

L

buccal

lingual

4

buccal

C

crown

M

mesial

5

lingual

D

distal

0

occlusal

6

only roots remain
Juadrant III - Periodontal Health

N

normal

G
P

marginal inflammation gingivitis
pocket formation 3 mm plus

M

tooth mobility greater than 1 mm

R

recession due to calculus

T
_L

Quadrant IV - Malocelusion
Left Side

Right Side

Bottom

B

buccal or labial

L

1ingual

S

supraversion

D

disto

M

mesio

T

transversion

I

infra

R

rotated

Figure 2.

Master coding sheet used in conjunction with

the examination sheet (Figure 1).

can be determined if the pulp canal is visible down to the apex and
the foramen is seen.

In foreshortening, the canal at the apical end

of the root cannot be seen, nor can the foramen.

The method of assessment of the degree of periapical root re-

sorption as seen in the roentgenograms was as follows (as per Massler
and Malone, 1954):
0

No evidence of resorption.

?

Resorption questionable. Root outline intact but there
appears to be minute areas of spotty resorption. Lamina
dura is interrupted and the periodontal membrane widened.

1

Root apex definitely blunted and resorbed for at least
1 mm to about 2 mm. Lamina dura interrupted and the
periodontal membrane widened about the periapical area
of the root.

2

Resorption of root apex for at least 2 mm to 4 mm.
dura interrupted and periodontal membrane widened.

Lamina

3

Resorption of root 4 mm to 1/2 of the root length.

4

More than one half the root resorbed.

5

Root resorption definitely related to root canal therapy.

6

Root resorption definitely related to periapical infection.

8

Not diagnostic (roentgenogram of poor quality).

9

Tooth missing (Massler and Malone, 1954, p. 622).
Figure 3 illustrates some of the resorption categories

Collection of Data:

Alveolar Bone Loss

The tissues surrounding each tooth were examined for calculus,

gingivitis, and the degree of gingival recession.

A subjective evalu

ation was made as to the approximate level of the gingival recession
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Figure 3. Roentgenograms exhibiting specific degrees of resorption as
described in text. Roentgenograms are from actual subjects in the
Navajo sample.

areas, and recorded.

This record, together with the roentgenograms,

constituted the basis of the data.

A plan of measuring in percentages, the amount of bone loss

was adapted from a study by Schei, Waerhaug, Lovdal and Arno (1959) on
bone loss in relation to oral hygiene and age.

The description of the

method is as follows;

On a translucent plastic ruler a line was made 1 mm from
the margin corresponding to the "normal" distance from the
alveolar crest to the cemento-enamel junction. Close to the
end of this baseline a point was chosen as center, and from
this center, 10 radii with exactly the same distance between
each of them were made; the baseline as well formed a radius
--the first one.

iiSsiisSsssSss
liiS&s
Figure 4.

Drawing of ruler used for measurement of alveolar

bone loss.

Actual size.

During the measurement the ruler was placed over the roentgenogram in such a way that the margin of the ruler covered the
cemento-enamel junction. The ruler was then moved until the
last radius covered the apex. Through the translucent ruler
the alveolar crest could be seen under one of the radii or be

tween two of them [Figures 4 and 5]. In that way it was
possible to assess the height of bone with an accuracy of
1/20.

As the alveolar crest was considered the point where

the periodontal membrane space was found to be of normal, or
approximately normal, width. However, in many cases such a
definite point could not be found, for which reason no meas
urement was made. Where no interproximal fillings were present,
the cemento-enamel could be localized with a reasonable degree

of certainty in most cases, although difficulties were encoun-

m

C--

M

Figure 5. Magnified photograph showing relationship of translucent
ruler to periaprical roentgenogram. See text for description
of method of alveolar bone loss assessment.

tered in others. In many cases the cemento-enamel junction
was obscured interproximal fillings, and if so, the cervical
margin of these fillings were chosen as the baseline. How
ever, when the fillings were located below the cemento-enamel
junction the bone height was characterized as "unmeasurable"

(Schei e_t al^., 1959, p. 8).
Measurements were made under good translucent light and a 3X
magnifying glass was used to read the roentgenograms.
measurement was made for mesial and distal surfaces.

No separate
An average of

each tooth and then an average for each area was recorded.

There is

the obvious danger of a wrong assumption in using one region of the

mouth as an index of the mouth condition as a whole, therefore the
averages for each tooth and for each area were recorded.

A composite total of all the averages of the entire mouth was
then recorded.

If there were gross errors in the roentgenograms

themselves, due to improper angulation, the films were rejected.

The use of the plastic measuring device afforded the advantage
of using percentages and not actual measurements.

It is much more

graphic and efficient to express the bone loss in terms of percentages

rather than in millimeters.

The diverging and converging lines of the

ruler, depending from which end of the ruler one starts reading, are
the same relative distances from each other and thus when measuring

and comparing different teeth, the relative degree of bone loss is
easily measured.

Collection of Data:

Tooth Malpositionin

In determining the numbers of malpositioned teeth of the Navajo
sample, the study casts were examined individually and the teeth were

classified according to the nomenclature described by Lischer (1912).
This system involves adding the suffix "-version" to a prefix to indi
cate the deviation from the normal position.
assumed by the individual teeth:

Nine positions may be

linguoversion, labio- or buccoversion,

distoversion, mesioversion, infraversion, supraversion, axiversion,
torsiversion, and transiversion.

It is possible that a tooth may

assume more than one position at the same time.

Thus, for example,

by combining terms, it can be sometimes said that a tooth is in mesiolabioversion.

In order to describe malpositioning of teeth and subsequent

malocclusion in a more general manner. Angle's (1899) classification
was selected because it is based on the anteroposterior relationships

of the jaws with each other.

Thus it provides description of the

relationship of the mandible to the maxilla, and more specifically,
to relate the first permanent molars of the maxilla and the mandible
to each other.

Angle's criteria of classification have been defined as follows:

Class I.

Mandibular dental arch and body of the mandible are

in normal mesiodistal relation to the maxillary arch.

Class II.

Mandibular dental arch and body are in distal re

lation to the maxillary arch, by half the width of the permanent first
molar or the entire width of a premolar.
Division 1.

Distoclusion in which the maxillary incisors

are typically in extreme labioversion.

Division 2.

Distoclusion in which the maxillary

central incisors are near normal anteroposteriorly or slightly
in linguoversion, while the maxillary lateral incisors have
tipped labially and mesially.
Class III.

Those malocclusions in which there is a mesial re

lationship of the mandible to the maxillary arch.
In order to more fully describe certain facets of malocclusion,

Dewey
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modified Angle's Class I into the following types:
Type 1.

Bunched or crowded maxillary anterior teeth.

Type 2.

Maxillary incisors in labioversion.

Type 3.

Maxillary incisor teeth in linguoversion to

the mandibular incisor teeth.

Type 4.

Anterior crossbite.

The molars, occasionally also the premolars

are in normal alignment and the dental arches and body of the
mandible are in normal relationship.

Type 5.

The molars are in mesioversion due to shifting

following loss of teeth in positions anterior to the molars.

CHAPTER IV

FINDINGS

Dental Caries

In this study, a 28 tooth per person standard was adopted, with

the exception of the 7 to 11 year age group which was judged on a 24
tooth basis.

In the study of the Aleuts, Moorhees (1957) omitted third

molars and considered the dentition to be the "permanent dentition"

when all the permanent teeth except the third molars have erupted.
The data for the total group was divided arbitrarily into five

age groups: 7 to 11, 12 to 19, 20 to 29, 30 to 39, and 40 to 50.

The

findings of the numbers and percentages of teeth in the various catego
ries are shown in Table 1.

Means for the number of teeth in an individ

ual mouth which were classified in each category are shown in Table 2.
It is observed that out of a total of 28 teeth per person in the

12 to 50 year age group, the average number of sound teeth was 16.6 or
59.3 per cent of the teeth in the mouth, as compared with 16.0 sound
teeth or 66.7 per cent in the 7 to 11 age group.

The average number of carious teeth per person was found to be

6.84 or 24.42 per cent in the 12 to 50 group in contrast to 4.56 carious
teeth or 19.0 per cent in the 7 to 11 age group.
The lowest mean number of sound teeth for any age group was in

the 30 to 39 age group.

This group showed only 10.0 sound teeth per

person or a 35.7 percentage. The group with the highest number of sound
teeth was the 12 to 19 group. It showed a sound tooth number of 22.17

Number within

B.

C.

Age Group

A.

168

6

12-19

94

476

364

13

196

7

1,420

52

CM

CM

1,204

43

1,204
100.00

1,420
100.00

40-50

30-39

20-29

17

20

1.66

22
1.55

2
1.02

13

ni!

275

22.84

315
22.18

3.57

34
17.35

5

134
36.82

1.05

19.75

858

60.42

135

68.88

Number and percentage of teeth per age group for the seven

216

9

7-11

o

oo

79.17

66.67
40
18.52

133

144

No. & Percentage of Teeth per Age Group

measurement categories.

Table 1.

Within Age Group

Number Teeth

Age Group

Roots Retained

Missing

Only

Restoration

(Associated)

Restoration

Caries -

(Not Associated)

7.

5.

4.

Caries -

3.

Restoration

Caries Only

2.

Sound

Tooth Category

D.

C.

Niumber within

B.

measurement categories.

Table 2.

8
8.00
.00

216

9

5.83

12-19

9.41

20-29

18.00

30-39

.29

8.72

40-50

1.03

1.00
3.57

.29
1.05

.00
.00

1,420

Average number and percentage of teeth per person for the seven

Age Group

nMF Rate

Within

Number Teeth

Age Group

Age Group

Roots Retained

2.29
8.18

5.07
18.13

3.57

.94
3.36

3.02

.67
2.39

2.50
8.93

7-11

.83

.84

1.00

.50

.23

.24

.50

1.78

.85

.14

36.82

2.41
8.61

4.86
17.36

10.31

5.53
19.75

2.16

19.28
68.86

7.72

Only

Missing

10.00
35.71

4.45

18.59
66.39

18.54

79.18

22.16

7-50

Age Group
16.0
66.6

Totals

No. & Percentages of Teeth per Person withinj

Restoration

(Associated)

Restoration

Caries -

(Not Associated)

A.

6.

5.

4.

Caries -

3.

Restoration

Caries Only

2.

Sound

Tooth Category

showing a percentage of 79.18.
Teeth with restorations only, amounted to 1.72 per person or

6.15 per cent in the 12 to 50 group while in the 7 to 11 group the
restorations amounted to 1.44 per person or a percentage of 6.0.

The

mean number of all restorations, caries-associated or not, is 2.16

per person or 7.73 per cent in the 12 to 50 group, while the 7 to 11
group showed 1.55 per person or a percentage of 6.46.
Missing teeth amounted to 2.37 per person and a percentage of
8.47 in the 12 to 50 group.

The 7 to 11 age group displayed 1.78

missing teeth per person or a 7.41 percentage.

Caries in the total Navajo sample accounted for 23.58 per cent

of the total number of teeth, while the sound teeth were 60.42 per
cent of the entire sample.

Of the caries-only teeth in both maxilla and mandible, 58.1 per

cent were simple, i.e., one surface cavities; the remaining 41.9 per
cent being two-or-more surface cavities.

See Table 3.

The caries experience for the study group resolved to a DMF of
8.0 in the 7 to 11 age group and 11.4 in the 12 to 50 age group.
Highest DMF of 18.0 was in the 30 to 39 age group; lowest of 5.83 was
in the 12 to 19 age group.
Thirteen hundred and two teeth were classified as to caries ex

perience and as to occlusal relationship.

Two hundred and eighty-two

teeth were considered malpositioned according to Lischer's nomenclature.
Of these, 211 or 74.7 per cent were sound and 71 or 25.3 per cent were
carious.

Of the 1,020 normally occluding teeth, 647 or 63.5 per cent

22.18

100.00

Number and percentage of caries-only teeth

9.30

12.88

41.90

58.10

in both maxilla and mandible.

Table 3.

315

132

Compound
Totals

183

of Teeth

Teeth

Teeth

7o of the
Total Number

Carious

7o of the

of

Number

Simple

Caries

Maxillary and Mandibular Combined

were considered sound and 373 or 36,5 per cent were considered carious.

Table 4 is a contingency table for caries incidence associated

with occlusal relationship.

Chi square was determined to be 12.6 with

one degree of freedom, which is significant at less than the .01 level.
Table 5 is a contingency table for caries incidence associated
with contact relationships in which correction has been made for occlu

sal lesions.

Chi square was determined to be 4.54 with one degree of

freedom, which is significant at less than the .05 level.

Table 6 is a contingency table for caries incidence associated
with contact relationships in which correction has been made for the
deletion of pit and fissure caries and malposed mandibular anterior

teeth.

Chi square was determined to be 2.024 with one degree of free

dom, which is significant at less than the .20 level.

Periapical Root Resorption

Five of the 52 subjects of the study were in the 7 to 11 age

group and presented roentgenograms displaying incomplete root formation.
For this reason these five subjects were excluded from the analysis of

periapical root resorption.

Thus there were 47 subjects included for

analysis of periapical root resorption.

Of the 47 persons, 91.5 per

cent showed some degree of periapical root resorption in one or more
teeth.

The total number of teeth in the sample theoretically was 1,300.
One hundred and six of these 1,300 were missing.

Thus there were 1,194

teeth assigned to the resorption categories "0" through "8".

1,020

Malposed

ships according to Lischer's nomenclature.

incidence associated with occlusal relation

Contingency table for dental caries

=12.6

Table 4.

X

Totals

Carious

Sound

Normal

= 4.54

Totals

Malposed

carious sample.

fissure caries are eliminated from the

Table 5. Contingency table for dental caries
incidence--tooth malpositioning. Pit and

Sound

Normal

= 2.024

carious sample, and the mandibular anterior
teeth omitted from the entire sample.

fissure cavities were eliminated from the

Table 6. Congingency table for dental caries
incidence - tooth malpositioning. Pit and

X

Totals

Carious

I Sound

Of the total number of teeth in the resorption categories "0"
through "8", 456 teeth or 38.19 per cent showed no evidence of peri-

apical root resorption, while 552 teeth or 46.23 per cent showed evi
dence of resorption.

Of the resorption classes, 29.9 per cent were in

category "1", while 2.92 per cent of the teeth were in categories "2"
to "6".

See Table 7.

The mean number of teeth resorbed per person in the 12 to 50 age
group was 12.84 or 48.86 per cent of the teeth, as shown in Table 8.
No resorption was seen in the 7 to 11 age group.

The susceptibility of the individual classes of teeth to the
various types and degrees of resorptions were then tabulated.

As shown

in Table 9, there is little apparent difference between the numbers of
maxillary and mandibular teeth affected,
Resorptions resulting from, or definitely related to periapical
infections or cysts, amounted to .99 per cent.

No evidence of root

canal therapy was observed.
It can be observed from Figure 6 that the number of individuals

showing resorption of a given tooth varied with the tooth position in
the dental arch.

Both maxillary and mandibular anteriors showed resorp

tion in more than half of the entire sample, while molar resorption
was seen in slightly less than one-third of the sample.
Of all the teeth exhibiting actual resorption, the highest per
centage was designated in category "1" (apical resorption 1 mm to about
2 mm).

See Table 10.

Categories "2", "3", and "6", were low in number

of teeth affected, while no tooth in the entire sample showed resorption

49.41

Number and percentage of teeth affected within the various

resorption categories.

Table 7.
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.00

.00
.28
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26.28
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5
0
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Table 8. Average number and percent resorption per person
in age group 12-50.

Totals

100.00

L per Person

Average No
per Person

Number

Resorption
Category

2.19

4.39

39.56

14.28

36.26

2

4

36

13

33

14.13
44.56
4.34
0.00

0.00

13
41
4
0

0

0

15
34

13.48
21.34

32
17
32
0
.0
0

35.16
18.68
35.16
0.00
0.00
0.00

91

37.36

16.48

20.87

0.00

0.00

25.80
19.35
18.27
0.00
0.00
0.00

24
18
17
0
0
0

93

Cuspid

19

0

0

50.56

0.00

0.00

Lateral

19

12

45

1

0

%

38.46
10.98
37.36
1.09
0.00
0.00

35
10
34
1
0
0

33
7
20
3
1
0

41.25
8.75
25.00
3.75
1.25
0.00

80

56.33
5.63
35.21
0.00
0.00
0.00

40
4
25
0
0
0

71

First

Molar

18.51
50.61

1

21.12
22.53
0.00
0.00
0.00

0
0

50.59

604

49.41

86.95
39.36
14.07
30.99
1.34
0.17
0.00

590

513
235
84
185
8
1
0

1 no 00

80.63
487

1 Q/i

12.62
36.56
77
223

28.36

1.64

0.65

4
10
173

0.00

0

Totals
No.
7o

Numbers

50.70

36
15
16
0

79

,'

Molar

I

Second

34.14

15.85

9.75

13.58

Second

91

0.00

0.00
0.00

0

0

0.00

0.00

0.00

Bicuspid

0

0

No.

First

7.31
39.02

3.40
40.90

3.65

1.21

0.00

%

28.04

1

0

No.

1.13
35.22

1.13

0.00

7o

Bicuspid

1

0

1 No.

Table 9. Differences in resorption between maxillary and mandibular Teeth.
and percentages of the teeth affected are shown.

38.04
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92
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0.00

0

No.

Number and Percent of Teeth Affected

NUMBER

Figure 6. Varying resorption pattern of specific teeth and the
number of individuals exhibitng these resorptions.

TOOTH
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357
29.90
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15.41
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Resorption

Resorption
With "2"

Group

Nxamber of
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With "1"
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Teeth Within
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100.00

16.67

38.89

44.44

0.00

0.00

Resorption

of Total 2

Percentages

of Age

Table 10. Incidence of categories "1" and "2" resorption in persons within
age group 7-50.

Examined

Number

of Teeth

Age
Group

Number

in Age
Group

Persons

in categories "4" and "5". No evidence of category "Z" resorption
was seen in the age groups 7 to 11 and 12 to 19, while all older age

groups exhibited some degree of category "2" resorption. Also shown
in Table 10, the highest percentage of resorption in any age group was

seen in the 30 to 39 age group, while the 7 to 11 group displayed no
resorption in any of the categories.

Of the total number of teeth examined, 21.61 per cent were mal-

positioned.

From Table 11 it can be seen that categories "?" through

"6" accounted for 46.22 per cent of the teeth examined.

In categories

"?" through "6", 9.75 per cent of the teeth were malpositioned.
Ten hundred and eight teeth in categories ^'0" through "6" were
classified in terms of contact relationship as shown in Table 12.
Two hundred and ten teeth were considered malpositioned according to

Lischer's nomenclature.

Of these, 94 or 44.8 per cent demonstrated

no periapical root resorption while 116 or 55.2 per cent demonstrated
questionable or definite radiographic evidence of periapical root re
sorption.

Of the 798 normally occluding teeth, 362 or 45.4 per cent

demonstrated no periapical root resorption, and 436 or 54.6 per cent

demonstrated questionable or definite radiographic evidence of peri

apical root resorption.

The chi square obtained was .024, which is

not significant.

Alveolar Bone Loss

The percentage of the alveolar bone loss was determined roent-

.00

.00
.34
4.02

0.00
0.00

33.33
25.81

5

6

8

Table 11. Number and percent of malpositioned teeth
within the specific resorption categories.

21.61

.08

20.00
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1,194
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22.41

Totals

2.18

16.25

Percent of

7.87

Percent of

20.61

Teeth

Total Number
of Teeth

Number of

Malposed
Teeth

Number of

Resorption
Category

Resorption
Category

552

1,008

116
210

436
798

? to 6

Contingency table for periapical root resorption

Lischer's nomenclature.

associated with occlusal relationships according to

Table 12.

= .024

Totals

454

94

Totals

362

Malposed

0

Normal

genographically with the use of the measuring device of Schei, Waerhaug,

Lovdal, and Arno (1959).

See Figure 4.

With this procedure, the loss

of bone is expressed as a percentage for an individual tooth.

The mean

percentage of bone loss per person was obtained by (1) assessing the
percentage bone loss for each tooth, (2) dividing the mouth into six

measurement areas (Table 13) and determining the mean percentage bone
loss in these areas, then (3) combining these area values to determine
the mean percentage bone loss for the entire mouth.

The mean of mouth averages (percentages) of bone loss for the

entire sample was 6.89 per cent.

The range was from zero per cent in

those subjects under 12 years of age to a high of 23.33 per cent as
shown in a 28 year old female.

The average percentage of bone loss per person was plotted on
a graph and a trend line was drawn showing the relationship of age to
alveolar bone loss.

See Figure 7.

This trend line was determined by

the method of least squares.
Table 13 shows the means for the various resorption areas.

In

the maxilla, the greatest percentage of bone loss was observed in the

molar region, with the anterior and bicuspid areas following in de
creasing order.

Bone loss in the mandibular anterior region was greater

than that seen in the bicuspid and molar areas.
Malpositioning was seen in only 25 teeth in the molar regions.

The frequency of malpositioning is greater in the maxillary teeth than
in the mandibular teeth, with the exception of the mandibular bicuspid
area, which shows a greater number of malpositioned teeth than the

Figure 7. Trend line showing the relationship of age to alveolar bone loss,
individuals with a mean average of bone loss.

AGE OF SUBJECT

Dots represent

9.72

56

1.07

1.36
2.60

71
135
47.9

5.83

1.24

64

5.46

Bicuspid
Molar

areas.

Table 13. Relationships between mean percentage bone loss
and malpositioned teeth in six alveolar crest resorption

Totals

Mandible

1.27

Anterior

Alveolar Crest Resorption Areas

corresponding maxillary area.

43.2 per cent of the malpositioned teeth were in the maxillary
and mandibular anterior regions.

47.9 per cent were in the bicuspid

areas and 8.9 per cent of the malpositioned teeth were in the molar

Tables 14 to 19 are contingency tables for alveolar bone loss
associated with tooth contact relationships.

Chi square was deter

mined for each of the six measurement areas.

The individual measure

ment areas yielded the following chi square values:

maxillary and

mandibular anterior areas of .533 and 7.93, respectively; maxillary

and mandibular bicuspid areas of .273 and 2.55, respectively; maxil

lary and mandibular molar areas of zero and 1.34, respectively.

The

mandibular anterior area, with a chi square of 7.93 with one degree of

freedom, is the only statistically significant measurement area within
the group.

SUMMARY OF THE RELATIONSHIPS OF

ALVEOLAR BONE LOSS AND MALOCCLUSION IN THE

MAXILLARY ANTERIOR AREA*

Noxnnal Occlusion

Maloceluded

Bone Loss

3one Loss 57crlTotals

Table 14.

Chi

= .533

MANDIBULAR ANTERIOR AREA

Normal Occlusion

Maloccluded

No Bone Loss

Bone Loss 5%+
Totals

Table 15.

Chi'^ = 7.93

*Figures in cells indicate numbers of subjects.

SUMMARY OF THE RELATIONSHIPS OF

ALVEOLAR BONE LOSS AND MALOCCLUSION IN THE

MAXILLARY BICUSPID AREA

Normal Occlusion

Maloccluded

l^o Bone Loss

Bone Loss 5%+Totals

Table 16. Chi^ = .273

MANDIBULAR ANTERIOR AREA

Normal Occlusion

INo Bone Loss
Bone Loss 57o+
Totals

Table 17.

Chi^ = 2.553

Maloccluded

SUMMARY OF THE RELATIONSHIPS OF

ALVEOLAR BONE LOSS AND MALOCCLUSIONS IN THE

MAXILLARY MOLAR AREA

Normal Occlusion

Maloccluded

^o Bone Loss

Bone Loss 57.,+
Totals

Table 18.

Chi^ = 0

MANDIBULAR MOLAR AREA

Normal Occlusion
No Bone Loss

Bone Loss 57o+
Totals

Table 19.

Chi^ = 1.336

Maloccluded

CHAPTER V
DISCUSSION

Dental Caries

Moorhees (1957) pointed out that the number of sound teeth de
creases with age and supports his claim with studies dealing with
various racial subgroups, including the Navajo and Hopi Indians.

In

the present study of the Navajo Indians of Monument Valley, the sound
tooth ratio did not appreciably decrease with age.

In fact, the sound

tooth ratio of the 40 to 50 year age group was higher than the mean

for the entire group.

On the basis of Moorhees' observation, it would

have been expected to fall somewhat below the mean value.

Although the findings of this study do not support Moorhees'
observation, it is recognized that dental caries is an accumulative

disease, and that an adequate sample would have undoubtedly reflected
a similar trend.

The 30 to 39 year age group showed the greatest deviations from

the mean; with greater average numbers of missing teeth, carious teeth

and remaining roots while showing the lowest average of sound teeth and
restorations.

In the present study, it was found that 23.58 per cent of the
teeth were carious.

Mean averages of 4.56 carious teeth per person

in the 7 to 11 age group, and 6.84 carious teeth per person in the 12
to 50 age group, are shown in Table 2.

These figures differ from those

in the study of Steggerda and Hill (1936), who showed the Navajos to

have 3.2 carious teeth par mouth, as shovra in Table 20.

Steggerda and

Hill recorded only cavities visible with the aid of a tongue depressor,
explaining in part the disparity of results.
The superiority of the mouth mirror and explorer over the tongue

blade even without prior prophylaxis and drying should account for a
further portion of the increase in dental caries detection.

One can

not refrain, however, from speculation on the impact civilization has
had on these people between 1936 and 1963.
In the present study, the clinical evaluation of the extent of

dental caries was augmented with periapical roentgenograms.

It should

be noted, that the use of bite-wing films in dental caries detection
37

is preferred,

yet it would seem that a careful clinical examination

coupled with periapical roentgenograms would not show results sub
stantially lower than a similar clinical examination with bite-wing
films.

Table 21 shows a comparison of DMF rate per person in five dif
ferent study groups.

Only the study by Cramer on adult males in

Wisconsin, approaches the age range of the Navajo sample.

The Univer

sity of Indiana group and the University of Minnesota group were

included because they give a DMF rate comparable to that exhibited by
the Navajo Indians of this study.

The service personnel studied by

Klein was included because it is indicative of the dental caries in

crease one might expect to encounter in a group maturing from 18 to
35 years.
The total number of cases examined for malocclusion, according

Table 20.
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32.6

3.5

58.3

3.2

7.0

66.7

21

60

491

6.

11.1

39.6
20.6
5.8

100.0

13

17

88.2

30-39

20-29

Navajo Indians (1953)

Comparison of dental caries incidence in two Navajo Indian samples

Average Cavities per
Person having Caries

Percent Carious Teeth

Percent having Caries

Number Examined

Age Range
26-30

21-25

16-20

Navajo Indians (193

Healey and Cheyne
Cramer

Klein

Fasano

University of Indiana

Adult Males - Wisconsin

Service Personnel

Navajo Indians

Table 21.

DMF Rate

1963

Average 29.5

11.40

16.80

21-35

642

1941

12-50

15.06

20-60+

1,000

1929

43

10.12

Average 19+

3,234

1943
1943

per Person

11.08

Age Group

Average 18

Group

Number in

4,348

Year

Comparison of DMF rate per person in five different study groups

(Upper four groups taken from Jeans.

Healey and Cheyne

Author

University of Minnesota

Study Group

to Angle's classification, was 42; 24 females and 18 males.

Due to

missing teeth in specific areas necessary for malocclusion evaluation,

10 subjects were omitted from the original 52.

Because Angle's clas

sification depends on the relationship of the maxillary and mandibular
first molars, if these teeth were not present, it can be seen that

proper classification might be questionable.

Missing teeth in the

mouth may influence the relationship of the remaining teeth to each
other, thereby causing shifting and malpositioning.
Table 22 shows that 40 of the 42 subjects exhibited a Class I

occlusion.

Seven persons, or 16.6 per cent exhibited a Class I, type

3 occlusion which is essentially normal molar relationship with ante
rior crossbite.

Two of the 42 subjects were in the Class II cate

gory. No Class III malocclusions were noted but several caseS wltti
an apparent tendency to Class III were seen.

In all such cddds there

was extreme occlusal wear afccdmpanying this tendency.

The Class III

tendency was attributed to the closing of the bite resulting from this
attrition.

Posterior crossbite was seen in 2 cases, or 4.7 per cent

of the total number of casts examined.

Pelton and Elsasser (1953) studied the role of dental caries

in the etiology of malocclusion and found that a crowded arch and
dental caries were unrelated.

It was not indicated that dental caries

is unimportant in certain cases of malocclusion.

The data of this

study, however, did not support the hypothesis that dental caries is
a primary etiologic factor in malocclusion.
Hixon et al. (1962), in a comparative study between young in-

Total

71.5

17
30

24

42

Female

0

2.

0.00

5.5

■
0 i

0.0

5.5

7o

Div. 2

Div. 1
No.
7o

No. 1

Class II

Class II

Table 22. Tabulation of Angle's classification and Dewey's modifications of
the study casts of the Navajo sample.

4

70.8

13

72.5

%

18

No.

Class I

Male

Number

coming university students with excellent occlusion and similar stu
dents with full cusp malocclusions, found those with malocclusions had
typically more caries activity.

Their data, adjusted for occlusal

involved lesions, showed the difference to be confined to smooth sur
faces.

It is particularly interesting to note, in a subsample of 20

cases with marked irregular contacts, a tendency for more caries in the
lower anterior region.

One might assume, very casually, that the greater the malpositioning and crowding, the higher the incidence of dental caries, due to
food impaction and decreased self-cleansing areas.

This hypothesis

suggested the comparison of the incidence of dental caries in normally
occluding teeth with the incidence of dental caries in malpositioned
teeth.

The data was treated in two ways:

the total caries incidence

in normally occluding teeth was compared with the total dental caries
incidence in malpositioned teeth (Table 4), and a similar comparison in
which the occlusal lesions had been eliminated from both groups (Table

If it is possible to consider teeth as independent units, the
results of this analysis apply.

With this assumption, the results may

be interpreted to indicate that a significantly greater proportion of
teeth in normal contact relationships are carious than are malpositioned

teeth, or that malocclusion or malpositioning of the teeth is associated
less with the carious teeth than with the sound teeth.

Such an inference suggests a bias in the sample, particularly in

the light of Pelton and Elsasser (1953) who found a crowded arch dental

caries unrelated and Hixon £t al. (1962), who noted an increase caries
activity in full cusp malocclusions.

One apparent area of bias appears

to the mandibular incisor region since these teeth are most frequently
malpositioned (Massler and Frankel, 1951), and also caries resistant
(Klein and Palmer, 1941; Brekhus, 1931).
The mandibular incisors were, therefore, eliminated from the

data (Table 6).

A chi square test indicates no significance.

The effect of the above three statistical treatments of the

dental caries data would tend to support the finding of Pelton and Elsasser.

If any relationship exists it must await further testing,

taking into account the many factors modifying dental caries expres
sion.

A causal relationship between malocclusion and dental caries

is probably masked by numerous factors, i.e., diet, heredity, location
of the lesion, oral flora, salivary constituents, etc.

Periapical Root Resorption

The proportion of persons affected with root resorption in this

study varied considerably from the reports of previous investigators.
Ketcham (1927, 1929), Rudolph (1936), and Becks (1936), reported a
prevalence of one, five and thirty-two per cent respectively in their

samples.

Massler and Malone (1954) showed 100 per cent of the subjects

to be affected with some degree of periapical root resorption.

Massler

and Malone explained these differences on the basis of difference in
classifying the types and degrees of resorption.

It was felt by Massler

and Malone that only the more obvious resorptions (of a category "2'

or greater) were reported by the other investigators, whereas the more
subtle degrees were detected by means of a magnifying glass.

This then

would increase the percentage of persons exhibiting periapical root
resorption.

The present study showed that 91.5 per cent of the sub

jects exhibited periapical root resorption.
Henry and Weinmann (1951) showed root resorption in all teeth
studied histologically; however, this included all types of resorptions,
not just periapical resorptions.

In the present sample of Navajos,

91.5 per cent of the individuals studied showed some degree of periap
ical root resorption without regard for other resorption types.
The results of the present study show that teeth vary in their
susceptibility to resorption.

It was found that the upper lateral

incisor showed the greatest susceptibility to resorption, followed in

order by the lower central incisor, upper central incisor, first bi
cuspids, lower lateral incisor, second bicuspids, and molars.

The order

of resorption susceptibility of the individual teeth observed in this

study, varies slightly from the findings of Massler and Malone (1954)
who showed the lower central incisor to have the greatest resorption
and the upper lateral incisor next.

Because of the prevalence of periapical root resorption in this
study and reported in the literature, it would seem that it is not un
common for periapical root resorption to be exhibited in most teeth.

Reasons for the resorption are not apparent, except in the small per
centage of the cases showing root resorption due to specific causes such
as cysts or infection.

However, the small general resorptions seem to

have little clinical significance.

It is reassuring to an orthodontically oriented clinician to

know that periapical root resorptions can and do occur with a rela
tively high frequency in populations who have had no experience in
orthodontic therapy.

It is chilling, on the other hand, to realize

that the threshold for root resorption can be so low as to be radio-

graphically evident in normally functioning occlusions.
These data should alert the clinician to his responsibility in
manipulative movements to provide optimum force levels to minimize
periapical root loss.
As has been stated previously, periapical root resorption can
be caused by a number of factors, among them trauma, whether it be
from a blow or mechanical tooth movement in orthodontics.

Data was

tabulated to determine the relationship, if any, of periapical root
resorption and tooth malpositioning.

The results are shown in Tables

11 and 12.

Of the 282 malpositioned teeth, 258 were the specific concern of

the periapical root resorption study.

Twenty-four malpositioned teeth

were associated with the five subjects that were omitted from the

periapical root resorption study because of incomplete root formation.

No studies with reference to periapical root resorption and
malpositioning have been found either on primitive populations or modern

populations and thus comparisons on this facet cannot be effected.

It

would seem that the results of this study indicate the need for further
investigations of this relationship.

The malpositioned teeth in the specific resorption categories
of "?" through "6" accounted for approximately one-fifth of the examined
teeth in those categories.

Statistical analysis of the data, using

chi square, indicates however, no causal relationship between malposi
tioned teeth and periapical root resorption.

Further refining of data

and statistical testing may be necessary to more fully determine the
relationship between these two variables.

Alveolar Bone Loss

Even though gingivitis was seen in all subjects in the present
study, yet in a 7 to 12 age group there was no evidence of actual bone
resorption.

In a survey of the oral health of children from several

ethnic groups, Parfitt (1960) observed that the Navajo children had
some of the healthiest gingiva of any of the groups under study.

In

scoring the gingivitis, he found that soft deposits were associated with
nearly as high a gingivitis score as calculus, and thus these soft de
posits assumed considerable importance because of their frequent oc
currence.

Although the diet is lacking in many of the items necessary to
maintain gingival health as we know it, Parfitt suggested that because
they ate the entire animal, the dietary requirements were met.

While none of the eleven subjects in 7 to 12 age group of the

present study exhibited measurable alveolar bone loss, all individuals,
age 13 and on exhibited some degree of bone loss.

The incidence of

alveolar bone loss found roentgenographically in the groups under study

is shown in Table 19, together with data from the study of MarshallDay and Shourie (1949).

In determining the degree of alveolar bone loss, it must be
kept in mind that the findings of this study are limited to a roentgenographic evaluation of interproximal alveolar crest resorption.

Alveolar bone loss may occur on the lingual or buccal aspect of a root
without registering on the roentgenogram.

The degree of alveolar bone loss varied from zero in some regions
to a maximum of 35 per cent in the mandibular anterior region of one

female subject, age 28.

This contributed to the high average value

of 23.33 per cent for that entire mouth, and thus the highest mean
value of all of the subjects.

This, however, was the exception.

Re

ferring to Figure 8, showing the trend line, we see the steady increase
in bone resorption from a low degree at the early ages to a higher
degree at the upper end of the line at 50 years of age.
This trend line graphically illustrates the cumulative nature
of alveolar bone loss.

While this is not startling, it is of particular

interest to the orthodontist who finds it necessary frequently, to

compare pre-treatment and post-treatment roentgenograms covering, not

infrequently, a period of from 3 to 10 years.

A plateauing of a trend

line would indicate a reduction or an arrest of bone loss within a

population and therefore might be utilized as an index of the efficacy
of dental health measures within a population group.

Resorption areas vary in their resistance or susceptibility to
bone destruction.

Table 13 shows the lowest area of resorption to be

the maxillary bicuspid area, followed in increasing order by the mandibular molar region, mandibular bicuspid area, upper incisor area,

upper molar region and lastly the mandibular incisor area, which showed
the greatest mean average bone loss of the six measurement areas.
These results varied from that of Marshall-Day and Shourie

(1949) in India, where they determined that the lowest and highest resorption areas were the mandibular bicuspid region and the lower in
cisor area, respectively.

Table 13 shows the number of malpositioned teeth associated
with the specific alveolar crest resorption areas.

Slightly more than

one malpositioned tooth per area was found, with the exception of the
molar areas which were associated with less than one malpositioned
tooth per area.

Several authors have postulated a causal relationship between

malpositioning and periodontal disease with concomitant alveolar bone
loss.

Graber (1962) commented that

Abnormal axial inclinations and tipping of malposed teeth
set up abnormal stresses. No longer are the functional stresses
distributed evenly to all teeth primarily through the long axes.
Lateral vectors of force cause jiggling and premature contacts;
the alveolar crest succumbs to the onslaught.

Loss of bone sup

port permits contacts to open and teeth to shift, and enhances
abnormal axial inclination.

All these factors react to acceler

ate bone loss, and make the demise of the dentition merely a
matter of time. Constitutional factors modify this sequence;
hereditary predisposition may be important; certain ideopathic
phenomena are contributory--but these do not alter the basic

pattern. Malocclusion predisposes a patient to a certain degree
of periodontal involvement, the extent of which depends on the
type of malocclusion, the preventive or interceptive dental care
and certain systemic factors.

Poulton and Aaronson (1961) support Graber's statements above,
and add that

the abnormal gingival architecture around severely malaligned
teeth may expose the gingiva to abrasion and irritation not com

patible with this type of tissue. Food impaction and lack of
natural hygiene contribute further to the problem. Traumatic
occlusion has been cited as a specific cause of periodontal des
truction.

The study of Poulton and Aaronson on occlusion and periodontal
status demonstrated a definite ocrrelation between the two factors.

The observed correlation may be due to a cause-and-effeet relationship.

Specifically, one of the causative factors in periodontal disease is

malocclusion.^^
The existence of a significant link between occlusion and

periodontal status is important to the orthodontist who is engaged
in malocclusion correction.

Ideal alignment and correct interdigitation

of the teeth should be the objectives of orthodontic treatment on the
basis of dental health maintenance as well as esthetic consideration.

A causal relationship between malpositioning and alveolar bone

loss was tested with a chi square test for significance.

Each dental

arch was divided into three areas, incisor, bicuspid-cuspid, and molar.
The levels of bone loss in normal tooth contact areas were compared

with levels of bone loss in malpositioned areas.

Only in the mandibu-

lar incisor area was a statistically significant difference noted.

In

this area at least, there appears an increased level of bone loss in
the malpositioned group over the normal tooth contact groups.
It is interesting to note that within this population the most

frequent site of malpositioning was the mandibular incisor area which
was also the site of most severe bone loss.

The lack of corroboration

of this correlation by the remaining five areas indicate that the re
lationship is not a simple one, and that further investigation is in
order to ascertain the exact relationship.

CHAPTER VI

SUMMARY AND CONCLUSIONS

In a pilot anthropometric study of 52 Navajo Indians of Monu

ment Valley, Utah, the incidence of dental caries, permanent tooth

periapical root resorption and alveolar bone loss was assessed.

The

relationship of tooth malpositioning to the specific parameter was
subsequently determined.

The sample was divided into arbitrary age groups.

Periapical roentgenograms were taken of each subject and were
used in the assessment of dental caries, periapical root resorption,
and alveolar bone loss.

Data from a specially prepared examination

sheet augmented the findings from the roentgenograms.

Tooth malpositioning and arch relationships were determined
from the study casts.

Occlusion was then classified.

Data was transferred to IBM cards, machine processed, and then
analyzed.

Considering the pilot nature of this study, two general con
clusions can be drawn;

1.

The Navajo Indian exhibited dental caries, periapical root

resorption, and alveolar bone loss not unlike in character that ob
served in contemporary Caucasian populations.

2.

Standardization of examination procedures is needed in all

prevalence studies to minimize the differences between past, contem-

porary and future studies.

An analysis of the data from the study of dental caries support
the following conclusions;

1.

The Navajo Indians of this study exhibited a dental caries

rate slightly higher than a sample of an earlier study of the Navajos
as done by Steggerda and Hill (1936).
2.

The DMF rate of 11.4 of the 12 to 50 year old age sample

of the Navajos falls midway between the rates of the four adult Cau
casian study groups.

3.

The sound-tooth ratio was found to be 16.0 in the 7 to 11

age group and 16.6 in the 12 to 50 age group, or 66.67 per cent and
59.3 per cent respectively.

4.

Dental caries was found to be present in 4.56 teeth of the

7 to 11 group while the 12 to 50 group exhibited 6.84 carious teeth
per person.

5.

Of the 282 malpositioned teeth, 71 were associated with

carious teeth, while 211 were associated with sound teeth.

6.
12.6.

Chi square for the dental caries-malpositioning study was

Omission of pit and fissure caries from the study then yielded

a chi square value of 4.54.

The additional omission of the mandibular

incisors from the study yielded a chi square of 2.024.

An analysis of the data from the study of permanent tooth periapical root resorption support the following conclusions:

1. 91.5 per cent of the 47 subjects examined showed evidence
of periapical root resorption in one or more roots.

2.

46.23 per cent of the teeth examined showed some evidence

of periapical root resorption.

3.

Only 2.92 per cent of the teeth examined exhibited resorp

tion greater than 2 gim.

4.

The average number of periapically resorbed teeth per

person was 12.84 or 48.86 per cent of the subject's teeth.
5.

Of the total number of teeth examined, 38.19 per cent

showed no evidence of periapical root resorption.

6.

These data support the observation of Massler and Malone

(1954) that there is a resorption potential inherent for each indi
vidual.

7.

Of the total number of teeth examined, 21.6 per cent were

malpositioned.

8.

Statistical analysis of the relationship between periapical

root resorption and tooth malpositioning yielded a chi square value
of .024 which is not significant.

An analysis of the data from the study of alveolar bone loss
support the following conclusions;
1.

Bone loss was seen in all individuals from age thirteen and

2.

Alveolar bone loss was found to be highest in the anterior

older.

region and lowest in the bicuspid-cuspid region.

3.

The percentages of the mean averages of alveolar bone loss

ranged from a low of zero to a high of 23.33 per cent.

4.

Loss of alveolar bone increases with age as shown by a

trend line of the study sample.
5.

The frequency of malpositioning was found to be greater in

the maxillary teeth than in the mandibular teeth, with the exception
of the mandibular bicuspid area.

6.

43.2 per cent of the malpositioned teeth were in the

anterior regions, both maxilla and mandible.
7.

Only 8.9 per cent of the malpositioned teeth were in the

molar areas.

8.

Of the six measurement areas, the mandibular anterior area

was the only statistically significant area observed.

Analysis yielded

a chi square value of 7.93, which is significant at less than the .01
level.
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ABSTRACT

In a pilot anthropometrie study of 52 Navajo Indians of Monu
ment Valley, Utah, the incidence of dental caries, permanent tooth

periapical root resorption, and alveolar bone loss was assessed.

The

relationship of tooth malpositioning to the specific parameter was
subsequently determined.

The sample was divided into arbitrary age groups.

Periapical roentgenograms were taken of each subject and were
used in the assessment of dental caries, periapical root resorption,
and alveolar bone loss.

Data from a specially prepared examination

sheet augmented the findings from the roentgenograms.

Tooth malpositioning and arch relationships were determined
from the study casts.

Occlusion was then classified.

Data was transferred to IM cards, machine processed, and then
analyzed.

Considering the pilot nature of the study, the following con
clusions can be drawn:

1.

The Navajo Indian exhibited dental caries, periapical root

resorption, and alveolar bone loss not unlike in character that ob
served in contemporary Caucasian populations.

2.

The relationship between tooth malpositioning and each of

the parameters was not significant as determined by chi square analy-

3.

Standardization of examination procedures is needed in all
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prevalence studies to minimize the differences between past, contempo
rary, and future studies.

